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(57) ABSTRACT 

The disclosed embodiments relate to a method and apparatus 
for providing notification. The apparatus may comprise a 
plurality of completion queue handlers associated with a 
communication device. Each of the plurality of completion 
queue handlers may be associated with a plurality of pro 
cesses. At least one completion queue may be associated 
with at least one of the plurality of completion queue 
handlers. 
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METHOD AND APPARATUS FOR PROVIDING 
NOTIFICATION 

BACKGROUND OF THE RELATED ART 

0001. This section is intended to introduce the reader to 
various aspects of art, which may be related to various 
aspects of the present invention that are described and/or 
claimed below. This discussion is believed to be helpful in 
providing the reader with background information to facili 
tate a better understanding of the various aspects of the 
present invention. Accordingly, it should be understood that 
these Statements are to be read in this light, and not as 
admissions of prior art. 
0002. In the field of computer systems, it may be desir 
able for information to be transferred from a system memory 
asSociated with one computer System to a System memory 
asSociated with another computer System. Queue pairs 
(“OPs') may be used to facilitate such a transfer of data. 
Each QP may include a send queue ("SQ") and a receive 
queue (“RO”) that may be utilized in transferring data from 
the memory of one device to the memory of another device. 
The RQ or the SQ may be associated with a completion 
queue (“CO”) or different COS. To notify the process that an 
event has completed, a CO handler may be utilized to 
interact between the CO or CQS and an application or 
consumer. For example, a CO handler may notify the 
consumer that an operation has been completed with the 
information in the CO relating to that event. 
0003. However, in a computing environment, the number 
interconnects and Speed of the transactions continue to 
increase. Within a network interface, a Single CO handler 
may be used for that interface. The single CO handler may 
be a bottleneck when for a large set of QPs. This may result 
in Skewed performance, which is exhibited as erratic or 
inefficient system behavior. With multiple network inter 
faces or a large Set of QPS on an interface, these inefficien 
cies may degrade the Overall System performance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0004. The foregoing and other advantages of the inven 
tion may become apparent upon reading the following 
detailed description and upon reference to the drawings in 
which: 

0005 FIG. 1 is a block diagram illustrating a computer 
network in accordance with embodiments of the present 
invention; 
0006 FIG. 2 is a block diagram that illustrates the use of 
a queue pair to transfer data between devices in accordance 
with an embodiment of the present invention; 
0007 FIG. 3 is a block diagram illustrating data 
eXchange using multiple completion queue handlers in 
accordance with an embodiment of the present invention; 
and 

0008 FIG. 4 is a process flow diagram showing the 
operation of a multiple CO handlers in accordance with an 
embodiment of the present invention. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

0009. One or more specific embodiments of the present 
invention will be described below. In an effort to provide a 
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concise description of these embodiments, not all features of 
an actual implementation are described in the Specification. 
It should be appreciated that in the development of any Such 
actual implementation, as in any engineering or design 
project, numerous implementation-specific decisions may 
be made to achieve the developerS Specific goals, Such as 
compliance with System-related and busineSS-related con 
Straints, which may vary from one implementation to 
another. Moreover, it should be appreciated that Such a 
development effort might be complex and time consuming, 
but would nevertheless be a routine undertaking of design, 
fabrication, and manufacture for those of ordinary skill 
having the benefit of this disclosure. 
0010) The Remote Direct Memory Access (“RDMA") 
Consortium, which includes the assignee of the present 
invention, is developing Specifications to improve the ability 
of computer Systems to remotely access the memory of other 
computer Systems. One Such specification under develop 
ment is the RDMA Consortium Protocols Verb specification, 
which is hereby incorporated by reference. The verbs 
defined by this Specification may correspond to commands 
or actions that may form a command interface for data 
transferS between memories in computer Systems, including 
the formation and management of queue pairs, memory 
windows, protection domains and the like. 
0011 RDMA may refer to the ability of one system to 
directly place information in the memory Space of another 
System, while minimizing demands on the central proceSS 
ing unit (“CPU”) and memory bus. While the embodiments 
may utilize RDMA, other Suitable technologies, Such as 
Infiniband or the like, may be implemented as well. The 
Systems may be computer Systems, Storage controllers, 
appliances, routers, layer 4 Switches, I/O modules, or the 
like. In an RDMA system, an RDMA layer may interoperate 
over any physical or wireless layer in a Local Area Network 
(“LAN”), Server Area Network (“SAN”), Metropolitan Area 
Network (“MAN”), Wide Area Network (“WAN”), back 
plane, bus, or as a loopback operation. 
0012 Referring now to FIG. 1, a block diagram illus 
trating a network in accordance with embodiments of the 
present invention is illustrated. The network is indicated by 
the reference numeral 100 and may comprise a first proces 
sor node 102 and a second processor node 110, which may 
be connected to a plurality of input/output (“I/O”) devices 
126, 130, 134, and 138 via a Switch network 118. Each of the 
I/O devices 126, 130, 134 and 138 may utilize a Remote 
Direct Memory Access-enabled Network Interface Card 
(“RNIC”) to communicate with the other systems. In FIG. 
1, the RNICs associated with the I/O devices 126, 130, 134 
and 138 are identified by the reference numerals 124, 128, 
132 and 136, respectively. The I/O devices 126, 130, 134, 
and 138 may access the memory space of other RDMA 
enabled devices via their respective RNICs and the Switch 
network 118. 

0013 The topology of the network 100 is for purposes of 
illustration only. Those of ordinary skill in the art will 
appreciate that the topology of the network 100 may take on 
a variety of forms based on a wide range of design consid 
erations. Additionally, NICS that operate according to other 
protocols, Such as InfiniBand, may be employed in networks 
that employ Such protocols for data transfer. 
0014) The first processor node 102 may include a CPU 
104, a memory 106, and an RNIC 108. Although only one 
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CPU 104 is illustrated in the processor node 102, those of 
ordinary skill in the art will appreciate that multiple CPUs 
may be included therein. Also, the CPU 104 may be a 
processing element, state machine, or the like. The CPU 104 
may be connected to the memory 106 and the RNIC 108 
over an internal bus or connection. The memory 106 may be 
utilized to store information for use by the CPU 104, the 
RNIC 108 or other systems or devices. The memory 106, 
which may be integrated into the CPU 104, may include 
memory controllers and various types of memory Such as 
Static Random Access Memory (“SRAM") or Dynamic 
Random Access Memory (“DRAM”). 
0015 The second processor node 110 may include a CPU 
112, a memory 114, and an RNIC 116. Although only one 
CPU 112 is illustrated in the processor node 110, those of 
ordinary skill in the art will appreciate that multiple CPUs 
may be included therein. The CPU 112, which may include 
a plurality of processors, may be connected to the memory 
114 and the RNIC 116 over an internal bus or connection. 
The memory 114 may be utilized to store information for use 
by the CPU 112, the RNIC 116 or other systems or devices. 
The memory 114 may utilize various types of memory such 
as SRAM or DRAM. 

0016. The Switch network 118 may include any combi 
nation of hubs, Switches, routers point to point links, and the 
like. In FIG. 1, the Switch network 118 comprises switches 
120A-120C. The Switch 120A connects to the Switch 120B, 
the RNIC 108 of the first processor node 102, the RNIC 124 
of the I/O device 126 and the RNIC 128 of the I/O device 
130. The IO devices may be any variant from a traditional 
IO device to a bridge, route or other translation device or 
even loopback. In addition to its connection to the Switch 
120A, the Switch 120B connects to the Switch 120C and the 
RNIC 132 of the I/O device 134. In addition to its connec 
tion to the Switch 120B, the Switch 120C connects to the 
RNIC 116 of the second processor node 110 and the RNIC 
136 of the I/O device 138. 

0017. Each of the processor nodes 102 and 110 and the 
I/O devices 126, 130, 134, and 138 may be given access to 
the memory 106 or 114. In addition, the memories may be 
accessible by remote devices such as the I/O devices 126, 
130, 134 and 138 via the Switch network 118. The first 
processor node 102, the second processor node 110 and the 
I/O devices 126, 130, 134 and 138 may exchange informa 
tion using queue pairs ("QPs'). The exchange of information 
using QPS and asSociated CQS is explained with reference to 
FIG. 2. 

0.018 FIG. 2 is a block diagram that illustrates the use of 
a queue pair and completion queues to transfer data between 
devices in accordance with embodiments of the present 
invention. The figure is generally referred to by the reference 
numeral 200. In FIG. 2, a first node 202 and a second node 
204 may exchange information using a QP. The first node 
202 and second node 204 may correspond to any two of the 
first processor node 102, the second processor node 110 or 
the I/O devices 126, 130, 134 and 138 (FIG. 1). As set forth 
above with respect to FIG. 1, any of these devices may 
exchange information in an RDMA environment. 
0019. The first node 202 may include a first processor 
205 that operates a first consumer 206 that interacts with an 
RNIC 208. The first consumer 206 may comprise a software, 
firmware, or Silicon process or application that may interact 
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with various components, Such as memory 219, a CO 
handler 216 and the RNIC 208. The memory 219 may be a 
portion of the memory 106 or 114 of FIG. 1 that is within 
the first node 202, while the CQ handler 216 may be a 
routine located in the memory 219 or other construct that 
exchanges information from the RNIC 208 to the first 
processor 205. The RNIC 208, may correspond to one of the 
RNICs 108, 116, 124, 128, 132 or 136 (FIG. 1), depending 
on which of the devices associated with those RNICS is 
participating in the data transfer. The RNIC 208 may com 
prise a send queue ("SQ") 210, a receive queue (“RO”) 212, 
a completion queue (“CO”) 214, a memory 217, and a QP 
context (“QPC”) 218. The memory 217 may be a separate 
portion of memory located within the RNIC 208 or other 
accessible component. 
0020. The second node 204 may include a second pro 
ceSSor 221 that operates a Second consumer 220, which may 
interact with an RNIC 222. The second consumer 220 may 
comprise a Software process that may interact with various 
components, Such as a memory 236, a completion queue 
handler 230 and/or an RNIC 222. The memory 236 may 
correspond to a portion of the memories 106 or 114 of FIG. 
1 within the second node 204, while the CO handler 230 may 
be a routine located in the memory 236 that eXchanges 
information from the RNIC 222 to the second processor 221. 
The RNIC 222, may correspond to one of the RNICs 108, 
116, 124, 128, 132 or 136 (FIG. 1), depending on which of 
devices associated with those RNICS is participating in the 
data transfer. The RNIC 222 may comprise a send queue 
(“SQ') 224, a receive queue (“RO”) 226, a completion 
queue (“CO”) 228, a memory 234 and a QP context (“QPC”) 
232. The memory 234 may be a separate portion of memory 
within the RNIC 222. 

0021. The memories 217, 219, 234, and 236 may be 
registered to different processes, each of which may corre 
spond to the consumers 206 and 220. The queues 210, 212, 
224, or 226 may be used to transmit and receive various 
verbs or commands, Such as control operations or transfer 
operations. The completion queue 214 or 228 may store 
information regarding the Sending Status of items on the 
Send queue 210 or 224 and receiving Status of items on the 
receive queue 212 or 226 that may be stored within the 
memories 217, 219, 234, and 236. The CO handler 216 or 
230 may send an interrupt or interrupt signal to the processor 
205 or 221 that is operating the consumer 206 or 220. The 
CQ handlers 216 and 230 may be stored in the memories 
217, 219, 234, and 236. The interrupt signal may include 
information that informs the consumer 206 or 220 that an 
operation has completed or that information is available, 
which may awaken a blocked process, for example. While 
the CO 214 or 228 may comprise at least a portion of the 
completion mechanism for the QP, the CO handlers 216 and 
230 may comprise the completion notification mechanism 
for a completed operation or request that has been posted to 
the CO 214 or 228 for notification of the associated process 
or equivalent construct. 
0022. The QP associated with the RNIC 208 may com 
prise the send queue 210 and the receive queue 212. The QP 
associated with the RNIC 222 may comprise the send queue 
224 and the receive queue 226. The arrows between the send 
queue 210 and the receive queue 226 and between the send 
queue 224 and the receive queue 212 indicate the flow of 
data or information therebetween. Before communication 
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between the RNICs 208 and 222 (and their associated QPs) 
may occur, the QPS may be established and configured by an 
exchange of commands or verbs between the RNIC 208 and 
the RNIC 222 as well as between the consumer 206 or 220 
and the RNIC 208 or 222. The creation of the QP may be 
initiated by the first consumer 206 or the second consumer 
220, depending on which consumer desires to transfer data 
to or retrieve data from the other consumer. 

0023 Information relating to the configuration of the QPs 
may be stored in the QP context 218 of the RNIC 208 and 
the OP context 232 of the RNIC 222. For instance, the OP 
context 218 or 232 may include information relating to a 
protection domain ("PD"), access rights, send queue infor 
mation, receive queue information, completion queue infor 
mation, completion queue handler information or informa 
tion about a local port connected to the QP and/or remote 
port connected to the QP. However, it should be appreciated 
that the RNICs 208 and/or 222 may include multiple QPs 
that support different consumers with the QPs being asso 
ciated with one of a number of COS. 

0024. To improve performance, embodiments of the 
present invention may employ multiple CO handlers for 
each of the RNICs 208 and 222. The use of multiple CQ 
handlers for each RNIC 208 or 222 provides the benefits of 
flexibility in the association of the COs with a processor, 
reduction in the total cost of ownership through proceSS 
automation, and Simplification of resource utilization, which 
may enhance performance of the System. Indeed, each CO 
handler 216 or 230 may interact with a specific processor or 
consumer to disburse the workload among other processors 
or consumers. By Segregating the workload distribution, the 
CO handlers may improve cache efficiency, memory bus 
utilization, and consumer responsiveness. In addition, the 
multiple CO handlers may provide the opportunity to pri 
oritize CO handlers per processor by adjusting the resources 
that are provided. These adjustments may be implemented 
through the use of the verbs discussed above, which may 
allow the System to enhance performance by managing the 
CQs and the processors that are utilized with the CO 
handlers and multiple interrupts per RNIC. These benefits 
are further explained below in FIG. 3, which describes the 
interaction between multiple QPs, COS, CO handlers and 
processors. 

0.025 FIG. 3 is a block diagram illustrating data 
eXchange using multiple completion queue handlers in 
accordance with embodiments of the present invention. The 
diagram is generally referred to by the reference numeral 
300. Processes or applications, which may be referred to as 
a first consumer 327 and a second consumer 329, may 
correspond to the consumers 206 or 220 of FIG. 2. The 
consumers 327 and 329 may operate on a node 302, which 
may correspond to one of the nodes 202 or 204 of FIG. 2. 
The node 302 may include an RNIC 315 that has a first send 
queue 304, a Second Send queue 306, a first receive queue 
308, and a second receive queue 310. The first send queue 
306 and first receive queue 308 may comprise a first QP312. 
The Second Send queue 306 and the Second receive queue 
310 may comprise a second QP 314. Also, a QP context 313 
may correspond to the QP context 218 or 232 of FIG.2. The 
use of two Sets of Send queues and receive queues indicates 
that two sets of OPs have been established for communica 
tion between the node 302 and other devices. 
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0026. The QPs 312 and 314 may be associated with 
different completion queues (“COs”) 318 and 320, which 
may correspond to the CQ 214 or 228 of FIG. 2. The CQs 
318 and 320 may be associated with CO handlers 322 and 
324, which may correspond to the CO handlers 216 or 230 
of FIG. 2. The QP 312 may be associated with CQ 318, 
while the QP 314 may be associated with CQ 320. Also, the 
CQs 318 and 320 may interact with a processor 326 or 328 
through the CO handler 322 or 324 to operate a consumer 
327 or 329. With multiple CQ handlers 322 and 324, each 
CO 318 or 320 and OP 312 or 314 associated with a 
consumer 327 or 329 may be associated with a specific 
processor 326 or 328. 

0027. The QPs 312 and 314 and CQs 318 and 320 may 
be associated with different processors 326 and 328 in some 
situations. For instance, the OP312, the first CO 318, and the 
first CO handler 322 may be associated with the first 
processor 326 and first consumer 327. Likewise, the QP314, 
the second CQ 320, and the second CO handler 324 may be 
asSociated with the Second processor 328 and Second con 
Sumer 329. By associating the CQs 318 and 320 with 
different processors 326 and 328, the specific QP312 or 314 
may be managed by the processor 326 and 328 to provide 
improved Service to a specific process. The improved Service 
may include providing a higher quality of Service, dedicated 
interaction, distributed access to reduce bottlenecks, or other 
similar benefits. As another example, the QPS 312 and 314 
and COs 318 and 320 may be associated with same proces 
sor 326 or 328. In this example, the QPs 312, the first CQ 
318, and the first CO handler322 are associated with the first 
processor 326 and first consumer 327. Likewise, the QP314, 
the second CO320, and the second CO handler324 may also 
be associated with the first processor 326 and Second con 
Sumer 329. By associating the CQs 318 and 320 with the 
Same processor 326, a Single processor may be able to 
manage a group of associated processes and inefficient data 
eXchanges between the different processes. AS Such, the 
flexibility of the associations between the COs 318 and 320 
and the consumers 327 or 329, the QPs 312 and 314 may be 
managed to interact with a specific processor 326 or 328 that 
may provide benefits to the node's operation. 

0028. To improve performance in the node 302, commu 
nication protocols, Such as the Peripheral Component Inter 
connect (“PCI”), Extended PCI (“PCI-X”), PCI Express, or 
the like, may be implemented in buses and bridges, which 
may be utilized in I/O transactions between peripheral 
devices, such as RNIC 315, and the processors 326 and 328. 
For instance, with PCI, PCI-X, and/or PCI Express, the CQ 
handlers 322 and 324 in the RNIC 315 may be assigned 
sections of the memory, such as memory 316 or 325, for use 
by the CO handlers 318 and 320 to ensure they have the 
resources needed to operate efficiently. The communication 
between CO handlers 322 and 324 and the processors 326 
and 328 or other devices may be managed by PCI, PCI-X, 
PCI-Express, or the like, which handles interrupt requests 
and the ports used for communicating. It should be noted 
that the interrupt may cause an event to be generated, which 
may be the result from an interrupt messages or completion 
event, for example. AS another beneficial feature, messaged 
based interrupt Schemes, Such as Message Signaled Inter 
rupts (“MSI”) and Extended MSI (“MSI-X'), may be 
employed to enable a node 302 to associate different inter 
rupts with each CQ handler 322 or 324. MSI and MSI-X 
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operate by allowing interrupts to be indicated by writing 
data to a pre-determined address. 

0029 Beneficially, embodiments of the present invention 
may provide the ability to Segregate CO handlerS 322 and 
324 to target a consumer 327 or 329 or processor 326 or 328. 
For instance, the Segregation may improve cache efficiency 
or memory bus utilization because the CO handler 322 or 
324 reduces cache line invalidation and eviction and unnec 
essary memory bus overhead, which may be associated with 
Synchronizing access to memory locations. For instance, by 
targeting a specific processor 326 or 328, the CO handlers 
322 and 324 may be directed to processor 326 for consumer 
327 and processor 328 for consumer 329, which may reduce 
the exchanges of data and cache information if the RNIC 
315 communicated with the processor 326 for both con 
Sumer 327 and 329. Advantageously, the Segregation may 
improve the efficiency of the System by Spreading the CO 
handler 322 or 324 exchanges between multiple processors 
326 and 328. This improved efficiency allows the high 
interactive periods to be disbursed, which may result in more 
efficient and responsive Systems. 

0030. In addition, the multiple CQ handlers 322 or 324 on 
an RNIC 315 may provide the opportunity to prioritize CQ 
handlers 322 or 324 per processor 326 or 328. This priori 
tization allows node 302 to provide a quality of service type 
of policy for different events or operations. For instance, a 
low latency event may be treated as a higher priority over 
other events that are not time Sensitive. Accordingly, a 
proceSS-Specific grouping of functions or events may be 
processed according to a policy or class-based Service for 
different consumers 327 or 329 or processors 326 or 328. 
This allows the System to more efficiently manage the 
arbitration of different events and operation of processes and 
applications. 

0031) To utilize the multiple CQ handlers 322 and 324, 
verbs may be utilized to create and manage the CO handlers 
322 or 324 or the CQ 318 or 320. For instance, a “Query 
RNIC” verb may display the number of CQ handlers 322 or 
324 that may be associated with the RNIC 315. If a single 
CQ event handler 322 or 324 is supported, then the verb will 
return that one CQ handler 322 or 324 is supported by the 
RNIC. However, if multiple CQ handlers 322 and 324 are 
supported by the RNIC, then the verb will return the number 
of CO handlers supported by the RNIC, such as two CO 
handlers 322 and 324 as shown. Also, a “createCO' verb 
may include an input modifier, Such as a completion handler 
identifier, to associate a CO handler 322 or 324 with a CO 
318 or 320. The completion handler identifier may be a 
number that associates the CO 318 or 320 with the CO 
handler 322 or 324. In using this verb, the CO handler 322 
may be associated with the CO 318, or the CO handler 322 
may be associated with CQs 318 and 320, for example. 
Further, a “modifyCO' verb may allow the associated CQ 
handler 322 or 324 to be updated. With this verb, the CQ 
handler 322 may be modified to associate with another CQ 
318 or 320, or to remove an association with a CO 318 or 
320. Moreover, a “Set Completion Handler” verb may 
register the CQ handler322 or 324 with the RNIC 315. The 
verb may set a single or multiple CO handlers 322 or 324 to 
be associated with the RNIC 315. 

0032. Once the CQ318 and 320 and CQ handlers 322 and 
324 are created, the QP 312 may be adapted to exchange 
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information with a corresponding QP 336, which may 
comprise a send queue 332 and a receive queue 334. The QP 
336 may be located in a node 330, which may correspond to 
a device with which the node 302 is exchanging information. 
The arrows between the send queue 304 and the receive 
queue 334 and between the send queue 332 and the receive 
queue 308 indicate the flow of information therebetween. 
Similarly, the QP 314 may be adapted to exchange infor 
mation with a corresponding QP 346, which may comprise 
a send queue 342 and a receive queue 344. The QP346 may 
be located in a node 340, which may correspond to a device 
with which the node 302 is exchanging information. The 
arrows between the send queue 306 and the receive queue 
344 and between the send queue 342 and the receive queue 
310 indicate the flow of information therebetween. 

0033. In an exemplary communication with the node 302, 
the nodes 330 and 340 may exchange requests. A request 
may include a verb or command that results in the generation 
of a work request (“WR”). The WR may include a list of 
memory locations from which data is intended to be read or 
written. The processing of a WR may result in the creation 
of a work queue element (“WQE”), which may be posted to 
the appropriate queue for the command to be performed. 
Once the WQE completes execution, a completion queue 
element (“COE') is created on the respective CQ 318 or 320 
for the SQ 304 or 306 or RQ 308 or 310. The COE may 
reside in the memory 316 or 325 and include information 
used to associate the COE with a previously-issued work 
request. The creation of a COE may invoke the CO handler 
322 or 324 that is used to notify the associated consumer 327 
or 329 and/or processor 326 or 328. 

0034. In an exemplary communication with the node 302, 
the nodes 330 and 340 may send a request to the node 302. 
The QP312 and QP314 may be associated with CQ 318 and 
320, respectively. The CO 318 may be associated with CO 
handler 322, while CO 320 is associated with CO handler 
324. The CO handler 322 may be associated with the first 
consumer 327, which may involve inter-process communi 
cations (“IPCs'), through a completion handler identifica 
tion. The completion handler identification may be a specific 
number, Such as “1” that associates the CO handler 322 or 
324 with a CQ 318 or 320. The CQ handler 324 may be 
associated with the second consumer 329, which may be a 
communication protocol, Such as the Internet Small Com 
puter System Interface (“iSCSI") encapsulation over RDMA 
(“iSER”) protocol. The CQ handler 324 may be associated 
with the second consumer 329 through a completion handler 
identification, which may be a specific number (Such as "2") 
that associates the CO handler 322 or 324 with a CO 318 or 
320. If a COE is created on the CQ 318 that corresponds to 
CQ handler 322, then the CO handler 322 may send an 
interrupt signal to the processor 326. The processor 326 is 
able to determine the Sender of the interrupt and/or type from 
the completion handler identification, which is the value “1.” 
Likewise, if a COE is created on the CO 320 that corre 
sponds to CO handler 324, then the CO handler 324 may 
Send an interrupt Signal to the processor 326. The processor 
326 is able to understand that the sender of the interrupt 
and/or type from the completion handler identification, 
which is the value “2.” Thus, the processor may receive 
multiple interrupts from multiple COs 318 and 320 associ 
ated with the RNIC 315. 
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0035). Because the QPs 318 and 320 may be associated 
with CQ handlers 322 and 324, the processors 326 or 328 
may receive multiple interrupt signals from multiple COS 
handlers 322 or 324 associated with the RNIC 315. As noted 
above, the use of multiple CO handlers 322 or 324 allows the 
consumer 327 or 328 or operating system to utilize multiple 
interrupts or interrupt Service routines. This allows pro 
cesses, Such as consumerS 327 and 329, that are associated 
with a processor or group of processors, Such as processors 
326 and 328, to have a mechanism to ensure that certain 
processes are associated with a single processor or group of 
processors. Accordingly, the interrupts for a RNIC 315 may 
be distributed to multiple processors instead of using a 
Single CO handler with a single processor. This reduces the 
hardware/Software complexity in dispensing interrupts and 
extra overhead resulting from cache coherency protocols, 
Such as Snoop and invalidation packets or data Sloshing. The 
Snoop and invalidation packets may result from different 
components, Such as processors, trying to determine where 
the latest version of information Stored is located in memory. 
Data Sloshing results when the time associated with handling 
the Snoop and invalidation packets interferes with the read 
ing and writing of memory. 
0.036 FIG. 4 is a process flow diagram showing the 
operation of a multiple CO handlers in accordance with an 
embodiment of the present invention. The diagram is gen 
erally referred to by the reference numeral 400. The process 
shown in FIG. 4 illustrates the operation of multiple CQ 
handlers 322 and 324 (FIG. 3), which may be implemented 
and utilized by the RNIC 315 (FIG.3) in the node 302 (FIG. 
3). The process begins at block 402. At block 404, a CO 
handler 322 or 324 may be registered. The registration 
proceSS may create a unique CO handler identification that 
relates to the specific CO handler 322 or 324, which may be 
a specific address stored within the node 302. Then, at block 
406, the RNIC 315 may determine if an additional CQ 
handler322 or 324 is to be implemented. If an additional CQ 
handler 322 or 324 is to be implemented, then the additional 
CQ handler 322 or 324 may be registered, as shown at block 
404. A verb, such as the “Query RNIC' verb discussed 
above, may be issued to determine the number of CQ 
handlers 322 and 324 that the RNIC 315 is able to support. 
0037. However, if no additional CQ handler 322 or 324 

is to be implemented, then the RNIC 315 may create a 
completion queue (“CO”) or group of completion queues 
that may be associated with CQ handler 322 or 324, as 
shown at block 408. The CQ 318 or 320 may be created 
within a memory, such as 316 or 325, and associated with 
the node 302. As set forth above, the CQ 318 or 320 may be 
created automatically upon initialization of the node 302 or 
created by the execution of a verb or command, Such as the 
“createCQ” or “modifyCQ” verbs, for example. The CQ 318 
or 320 and the CO handler 322 or 324 may be associated 
through the use of the CO handler identification. Once the 
CO318 or 320 is created and associated with the CO handler 
322 or 324, a receive queue (“RO”) and/or a send queue 
("SQ") may be created that may also be associated with the 
CQ 318 or 320 at block 410. At block 412, a work request 
request, such as a Post SQ or Post RQ, may be received for 
processing by the node 302. The work request may also 
include a request completion notification, as shown in block 
414. The request completion notification may request the 
CO handler be called when a completion queue entry 
(“COE”) of a specified type is added to the CQ 318 or 320. 
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0038. When the request is received, at block 416, the 
RNIC 315 may determine the QP312 or 314 that the request 
is associated with for further processing. The processing of 
the request may also include various validation Steps 
throughout the processing of the request that verify the QP, 
the RNIC identifier, or CQ identifier, for example. The RNIC 
315 may determine if the request includes a solicited event 
(“SE”) at block 418. ASE is a facility that the sender of an 
RDMA operation may cause the generation of an event at a 
receiver, if the receiver is able to generate events. If the 
request includes a SE, then the CO handler identification 
may be accessed from the appropriate CQ 318 or 320, as 
shown at block 422. However, if the request does not include 
a SE, then the CO handler may determine if the request 
includes a request completion notification, as shown at block 
420. If the request completion notification is enabled, then 
the CO handler identification may be accessed from the 
appropriate CQ 318 or 320 at block 422. With the CQ 
handler identification, an event may be generated for the CO 
handler 322 or 324 at block 424. The event may include 
information relating to the request. Once the event is gen 
erated, the COE may be posted to the CO 318 or 320, as 
shown at block 426. The notification may include Sending an 
interrupt or Signaling that the request has been executed, for 
example. 

0039 However, if the request completion notification is 
disabled, the CQE may be posted to the CQ 318 or 320 at 
block 426. Then the RNIC 315 may determine if the process 
is in a shutdown mode, as shown at block 428. If the RNIC 
is not in a shutdown mode, then the RNIC 315 may wait to 
process additional requests, as shown at block 416. How 
ever, if a shutdown mode is indicated, then the process may 
end at block 430. 

0040. While the invention may be susceptible to various 
modifications and alternative forms, specific embodiments 
have been shown by way of example in the drawings and 
will be described in detail herein. However, it should be 
understood that the invention is not intended to be limited to 
the particular forms disclosed. Rather, the invention is to 
cover all modifications, equivalents and alternatives falling 
within the spirit and scope of the invention as defined by the 
following appended claims. 

What is claimed is: 
1. A notification mechanism, comprising: 
a plurality of completion queue handlers associated with 

a communication device, each of the plurality of 
completion queue handlers associated with a process, 
and 

at least one completion queue associated with each one of 
the plurality of completion queue handlers. 

2. The notification mechanism Set forth in claim 1, 
wherein the process is associated with at least one processor. 

3. The notification mechanism set forth in claim 2, 
wherein each of the plurality of completion queue handlers 
generates an interrupt to the processor associated with the 
proceSS. 

4. The notification mechanism set forth in claim 1, 
wherein a verb modifies an association of the at least one 
completion queue associated with at least one of the plural 
ity of completion queue handlers. 
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5. The notification mechanism set forth in claim 1, 
wherein a verb creates the at least one completion queue 
asSociated with at least one of the plurality of completion 
queue handlers. 

6. The notification mechanism set forth in claim 1, 
wherein a verb returns a number of the plurality of comple 
tion queue handlers that are associated with the communi 
cation device. 

7. The notification mechanism set forth in claim 1, 
wherein each of the plurality of completion queue handlers 
are associated with at least one completion queue through a 
completion queue handler identifier. 

8. A network, comprising: 
a plurality of Systems, 
a Switch network that connects the plurality of Systems for 

communication; and 
at least one of the plurality of Systems, wherein the at least 

one of the plurality of Systems comprises: 
a communication device having a plurality of completion 

queues; and 
at least two completion handlers associated with the 

communication device, wherein each completion han 
dler is associated with one of a plurality of processes 
and associated with at least one of the plurality of 
completion queues. 

9. The network set forth in claim 8, wherein the plurality 
of completion queues are associated with a plurality of 
queues. 

10. The network set forth in claim 8, wherein a first of at 
least two completion handlers is associated with one of the 
plurality of processes and a Second of the at least two 
completion handlers is associated with another of plurality 
of processes. 

11. The network set forth in claim 10, wherein the first of 
at least two completion handlers communicates a first inter 
rupt to a first processor associated with one of the plurality 
of processes and the Second of the at least two completion 
handlers communicates a Second interrupt to a Second 
processor associated with another of the plurality of pro 
CCSSCS. 

12. The network set forth in claim 10, wherein a verb 
modifies the association of the first of at least two comple 
tion handlers with one of the plurality of processes. 

13. The network set forth in claim 8, wherein the at least 
two completion handlers reside in memory in the commu 
nication device. 
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14. The network set forth in claim 8, wherein the at least 
two completion handlers reside in memory at least one of the 
plurality of Systems that is external to the communication 
device. 

15. A method for providing notification to a plurality of 
processes, the method comprising the acts of: 

creating a plurality of completion queues on a commu 
nication device, each of the plurality of completion 
queues associated with at least one of a plurality of 
completion queue handlers that are associated with the 
communication device, wherein each of the plurality of 
completion queue handlers are associated with one of a 
plurality of processes; 

placing a completion queue entry on one of the plurality 
of completion queues; 

invoking one of the plurality of completion queue han 
dlers associated with the one of the plurality of comple 
tion queues, and 

notifying the one of a plurality of processes associated 
with the one of a plurality of completion queue han 
dlers. 

16. The method set forth in claim 15, executing a plurality 
of processes on a plurality of processors. 

17. The method set forth in claim 15, comprising issuing 
a verb to return a number of the plurality of completion 
queue handlers that are associated with the communication 
device. 

18. The method set forth in claim 15, wherein the noti 
fication comprising the one of a plurality of completion 
queue handlerS Sending an interrupt to one of a plurality of 
processors. 

19. The method set forth in claim 15, comprising issuing 
a verb to create one of the plurality of completion queues. 

20. The method set forth in claim 15, comprising modi 
fying the at least one of the plurality of completion queues 
through the issuance of a verb to modify the association of 
at least one of the plurality of completion queues with at 
least one of a plurality of completion queues. 

21. The method set forth in claim 15, wherein the creation 
of the plurality of completion queues comprises defining 
each of the plurality of completion queues in a memory. 


